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(54) Ranging system and method for satellites 

(57) In a satellite ranging system predetermined bit 
sequence or group of bn sequences in a transport 
stream, which is a digital signal, are used to generate 
trigger signals on the basis of which the delay introduced 
into the transport stream by the travel path from a sat- 
ellite ground station to the satellite and back or to an- 
other satellite ground station is determined allowing a 



calculation of the distance between the ground station 
(s) and the satellite. The predetermined bit sequence or 
group of bit sequences may be inserted into the trans- 
port stream at the uplink site, for example as a specific 
payload P. In order to avoid insertion of additional pack- 
ets the transport stream or part of it may be used as a 
predetermined bit sequence. 
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Description 

[0001] The present invention relates to ranging of sat- 
ellites and more general to determining the distance and 
relative velocity between a sender and a receiver of dig- 
itally modulated signals. 

[0002] Geostationery communication satellites have 
to be positioned in precisely defined space segments 
assigned by the International Telecommunication Union 
(ITU) to each satellite. Due to drift the position of a sat- 
ellite may change and has to be corrected so that it be- 
comes necessary to determine precisely the position 
and/or movement of the satellite usually addressed as 
ranging. When analogue signals are send to and re- 
ceived from the satellite several ranging system have 
be used based on precise measurements of the time of 
travel of the analogue signals. For example, the vertical 
and/or horizontal synchronisation pulses of television 
signals were used for measuring the travel time of the 
analogue TV signal. Such signal markers are not avail- 
able when digital signals are transmitted. 
[0003] Ranging of satellites, as it should be under- 
stood for the purpose of understanding invention to be 
discussed further below, stands for the task of determin- 
ing the distance between a ground station and a satel- 
lite, especially a geostationary satellite. As an additional 
aspect, the ranging of satellites may be understood to 
also but not necessarily comprise the determination of 
the satellite velocity as the availability of a velocity value 
provides additional options while determining the dis- 
tance between the satellite and a ground station and/or 
controlling the position of the satellite. 
[0004] It is therefore an object of the invention to pro- 
vide a ranging system and method which is capable of 
measuring precisely the distance between a ground sta- 
tion and a satellite on the basis of a digitally modulated 
signal. 

[0005] It is a further object of the invention to provide 
a ranging system which, additionally or separately, is ca- 
pable of measuring the relative velocity between a 
ground station and a satellite on the basis of a digitally 
modulated signal. 

[0006] The above object is achieved by a ranging sys- 
tem for determining ranging information of a satellite 
comprising a first receiving arrangement for receiving a 
transport stream signal suitable for being transmitted to 
the satellite and for outputting a first output signal; 
a second receiving arrangement for receiving said 
transport stream signal transmitted from the satellite 
and for outputting a second output signal; and 
processing means for receiving the first and second out- 
put signals of the first and second receiving arrange- 
ments, for tracing a predetermined signal pattern in said 
first and said second output signal and for determining 
the delay between the first and second output signals 
on the basis of said tracing of the signal pattern. 
[0007] According to the invention the first and second 
receiving arrangements are identical regarding struc- 



ture and components, i.e. regarding the influence upon 
the processed signal which for this reason can be as- 
sumed to be identically processed, at least with respect 
to time, in the first and the second receiving arrange- 
s ment. 

[0008] Advantageously, the first and second receiving 
arrangement comprise a tuner, a demodulator and a de- 
coder, the output signals generated by receiving ar- 
rangements being a decoded digital signal. The struc- 

10 ture and components of the first and second decoding 
arrangement are, therefore, identical so that the decod- 
ing arrangements introduce the same delay into signals. 
[0009] It is an essential aspect of the invention to pro- 
pose the use of identical decoding arrangements for de- 

« coding the nondelayed and the delayed digital transport 
stream signals. It has been found that using decoding 
arrangements of identical structure provides sufficient 
accuracy for performing precise ranging operations. 
[0010] Alternatively, but nonetheless advantageous- 

20 |y, the first and second receiving arrangements com- 
prise a first and a second tuner, respectively, the output 
signals generated by said tuners being an analogue sig- 
nal. The processing means comprise a first and a sec- 
ond processor for receiving the analogue output signals, 

25 respectively, for sampling the analogue output signals 
to obtain a first and a second series of sampled values 
and for outputting a first and a second trigger signal. 
[0011] The processors should be understood to be ei- 
ther a microprocessor or microprocessor circuit with a 

so suitable programming, a logic circuit or a similar device 
capable of performing the required task. 
[0012] As the distance calculation is based on a time 
delay, said processing means further comprise a time 
measurement circuit for receiving saidfirst trigger signal 

3S and said second trigger signal from said first and second 
processors and for measuring the time between said 
first and said second trigger signal. 
[0013] Preferably, said processing means further 
comprise a clock circuit for providing time information to 

40 said first and second processors and/or to said time 
measurement circuit. 

[0014] Especially for implementation at an uplink site, 
said first and second receiving arrangements are con- 
nected to a satellite antenna for transmitting a signal to 

45 said satellite and for receiving a signal from said satel- 
lite. Further, said first and second receiving arrange- 
ments, said first and second processors, said time 
measurement circuit and said clock circuit are provided 
at a ground station further comprising a multiplexer/en- 

so coder receiving a plurality of digital payload signals and 
generating a digital transport stream signal, a modulator 
for modulating said digital transport stream signal, such 
modulated digital transport stream signal being supplied 
to said first decoding arrangement, an upconverter for 

55 converting said digital transport stream signal into a sig- 
nal suitable for being supplied to said satellite antenna 
and a downconverter for receiving a signal from said sat- 
ellite antenna and for supplying a modulated digital 
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transport stream signal to said second decoding ar- 
rangement. 

[001 5] As an alternative, said processing means may 
comprise a first time measurement circuit for receiving 
said first trigger signal from said first processor and time 
information from a first clock circuit and a second time 
measurement circuit for receiving said second trigger 
signal from said second processor and time information 
from a second clock circuit, wherein said second time 
measurement circuit transmits the received time infor- 
mation to said first time measurement circuit for meas- 
uring the time between said first and said second trigger 
signal. 

[001 6] Said first receiving arrangement may connect- 
ed to a first satellite antenna for transmitting a signal to 
said satellite and wherein said second receiving ar- 
rangement is connected to a second satellite antenna 
for receiving a signal from said satellite. 
[0017] As two measurement are performed at differ- 
ent locations said first decoding arrangement, said first 
processor, said first time measurement circuit and said 
first clock circuit are provided at a first ground station 
further comprising a multiplexer/encoder receiving a 
plurality of digital payload signals and generating a dig- 
ital transport stream signal, a modulator for modulating 
said digital transport stream signal, such modulated dig- 
ital transport stream signal being supplied to said first 
decoding arrangement, and an upcon verier for convert- 
ing said digital transport stream signal into a signal suit- 
able for being supplied to said first satellite antenna. 
Then, said second receiving arrangement, said second 
processor, said second time measurement circuit and 
said second clock circuit are provided at a second 
ground station further comprising a downconverter for 
receiving a signal from said second satellite antenna 
and for supplying a modulated digital transport stream 
signal to said second decoding arrangement. 
[0018] The above object is also achieved by a ranging 
method comprising the steps of receiving a modulated 
digital signal, which is based on a digital transport 
stream, for example according to the MPEG-2 and/or 
DVB standards, and obtaining a first received digital sig- 
nal; tracing a predetermined bit sequence or group of 
bit sequences in the first received digital signal and gen- 
erating a first trigger signal upon detection of the prede- 
termined bit sequence or group of bit sequences; receiv- 
ing a delayed modulated digital signal, which is based 
on said digital transport stream and which is delayed 
due to travelling along a transmission path, and obtain- 
ing a second received digital signal; tracing a predeter- 
mined bit sequence or group of bit sequences in the sec- 
ond received digital signal and to generate a second trig- 
ger signal upon detection of the predetermined bit se- 
quence or group of bit sequences; and determining the 
delay on the basis of the first and second trigger signals. 
[001 9] The trigger signals are used to start and stop 
a timer in order to measure the time delay. 
[0020] In a further step time stamp information is ob- 
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tained from a suitable synchronised clocks and proc- 
essed together with the delay. 
[0021] In an alternative embodiment, first time stamp 
information is obtained upon detection of the predeter- 

s mined bit sequence or group of bit sequences in the first 
received digital signal, second time stamp information 
is obtained upon detection of the predetermined bit se- 
quence or group of bit sequences in the second received 
digital signal and the delay is determined on the basis 

10 of the first and second trigger signals as well as the first 
and second time stamp information. Again, it is essential 
to precisely synchronise the clock circuits providing the 
time stamp information. 

[0022] An alternative method for determining ranging 

is information of a satellite according to the invention com- 
prises the steps of: receiving a modulated digital signal, 
which is based on a digital transport stream, for example 
according to the MPEG-2 and/or DVB standards, and 
obtaining a first received analogue signal; sampling the 

20 first received analogue signal and obtaining afirst series 
of sampled values; tracing in said first series of sampled 
values a signal pattern caused by a predetermined bit 
sequence or group of bit sequences in the first received 
analogue signal and generating a first trigger signal up- 

25 on detection of the predetermined signal pattern; receiv- 
ing a delayed modulated digital signal, which is based 
on said digital transport stream and which is delayed 
due to travelling along a transmission path, and obtain- 
ing a second received analogue signal; sampling the 

30 second received analogue signal and obtaining a sec- 
ond series of sampled values; tracing in said second se- 
ries of sampled values a signal pattern caused by a pre- 
determined bit sequence or group of bit sequences in 
the second received analogue signal and to generate a 

35 second trigger signal upon detection of the predeter- 
mined signal pattern; and determining the delay on the 
basis of the first and second trigger signals. 
[0023] The above further object is achieved by a rang- 
ing system for measuring the relative velocity between 

40 a ground station and a satellite on the basis of a digitally 
modulated signal comprising a reference timing means 
for driving a first digital counting means generating first 
counter values at a first frequency, a reading/inserting 
means for reading a momentary counter value of the 

45 digital counting means and for inserting said value into 
said digitally modulated signal, a transmitting means 
transmitting said digitally modulated signal including the 
counter value to a satellite, a receiving means for receiv- 
ing said digitally modulated signal including the counter 

so value from said satellite, an extracting means for ex- 
tracting the counter value from the received signal, and 
a second digital counting means being controlled on the 
basis of said extracted counter value and generating 
second counter values at a second frequency, the ve- 

55 locity of the satellite being determined on the basis of 
the deviation between the first and second frequency. 
[0024] In an advantageous embodiment the refer- 
ence timing means is a clock. Further, additional timing 



3 



5 



EP 1 026 519 A1 



6 



means can be provided for driving said second digital 
counting means, especially if the signal from the satellite 
is received at a remote receiving station. The ranging 
system according to the invention is especially suited 
for being used whit a digitally modulated signal which is 
a digital data stream (DS), especially according to a 
standard like MPEG/DVB. 

[0025] Further the above second object is achieved 
by a method for measuring the relative velocity between 
a ground station and a satellite on the basis of a digitally 
modu lated signal comprising the steps driving a first dig- 
ital counting moans with a reference timing means, 
reading a momentary counter value of said first digital 
counter means generating first counter values at a first 
frequency, inserting s^id value into said digitally modu- 
lated signal, transmrtrng id digitally modulated signal 
including the counicf v,iiuc lo h satellite- receiving said 
digitally modulated siqrvii tnclucmc mo counter value 
from said satellite cxtr^ctmq the counter value from the 
received signal, coniroi mc. or- thu basis ol said extract- 
ed counter value a second diyital counting means gen- 
erating second counter vhIucs at a second frequency, 
and determining the velocity cl the satellite on the basis 
of the deviation between said first frequency and second 
frequency. 

[0026] For further details of preferred embodiments, 
reference is made to claims 

[0027] In the following an embodiment of the invention 
will be described in greater detail and with reference to 
the drawings. 

Fig. 1 shows a diagram of a transport stream ac- 
cording to the MPEG-2 standard. 

Fig. 2 shows a first embodiment of a ranging system 
according to the invention. 

Fig. 3 shows a second embodiment of a ranging 
system according to the invention. 

Fig. 4 shows a third embodiment of a ranging sys- 
tem according to the invention. 

Fig. 5 shows a fourth embodiment of a ranging sys- 
tem according to the invention. 

Fig. 6 shows an additional aspect related to the 
ranging system according to the invention. 

[0028] The process of broadcasting digital video, au- 
dio and data signals can be understood to be divided 
into to two subprocesses. The first sub-process relates 
to the MPEG-2 standards and comprises the processing 
of elementary digital data streams, including data com- 
pression and stream multiplexing, to generate a digital 
transport stream (TS) the format of which is shown in 
Fig. 1 . The second sub-process deals with error correc- 
tion schemes which are necessary to achieve a reliable 



transmission via transmission channels having low S/N 
ratios. 

[0029] In Fig. 1 the structure of the MPEG-2 transport 
stream TS is shown. The transport stream TS is a se- 

5 quence of packets basically consisting of a header H (4 
Bytes) and a payload P (184 Bytes). The header H in- 
cludes synchronisation information (1 Byte), various 
flags (transport error indicator, payload unit start indica- 
tor, transport priority, etc.), a payload identification PID 

10 (1 3 Bits) and a continuity counter (4 Bits). The payload 
identification PID is required for demultiplexing the indi- 
vidual elementary data streams. An adaptation field is 
optional but is transmitted at least every 0.1 s and con- 
tains ancillary program data especially a program refer- 

is ence clock PCR for regeneration of a 27 MHz clock at 
the receiving side. 

[0030] Subsequently, the transport stream TS is proc- 
essed according to different standards depending on 
the transmission channel. Fortransmission via satellites 

20 the European DVB satellite standard (DVB-S) may be 
applied defining inter alia convolutional and Reed-Solo- 
mon coding as well as additional error control bits to be 
added to allow forward error correction (FEC). Similarly, 
European DVB standards exist for terrestrial (DVB-T) 

2S and cable (DVB-C) broadcasting. 

[0031] According to a first and second preferred em- 
bodiment of the invention a predetermined bit sequence 
or group of bit sequences in the transport stream TS, 
which is a digital signal, are used to generate trigger sig- 

30 nals on the basis of which the delay introduced into the 
transport stream by the travel path from a satellite 
ground station to the satellite and back to the same or 
another satellite ground station is determined allowing 
a calculation of the distance between the ground station 

35 ( S ) and the satellite. The predetermined bit sequence or 
group of bit sequences may be inserted into the trans- 
port stream TS at the uplink site, for example as a spe- 
cific payload P. In order to avoid insertion of additional 
packets the program identification PID or part of it may 

40 be used as a predetermined bit sequence. Some PIDs 
must be present in the transport stream TS but may 
have a repetition rate which is too high for the purpose 
of determining ranging information. Then, the PID may 
be combined with other information of the transport 

4s stream header H, e.g. the continuity counter, in order to 
define a predetermined bit sequence or group of bit se- 
quences. 

[0032] According to the principles of the first and sec- 
ond preferred embodiment of the invention, receiving ar- 

50 rangements 7, 7' as shown in Fig. 2 and 3, receive a 
digital transport stream signal suitable for being trans- 
mitted to a satellite and output a first and a second digital 
output signal O and O'. These signals are input into 
processing means 8, 8' which trace the predetermined 

55 bit sequence or group of bit sequences in said first and 
said second digital output signals and determine the de- 
lay between the first and second digital output signals 
on the basis of said tracing of the bit sequence or group 
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of bit sequences. Each of the receiving arrangements 
7, 7' comprises a tuner 71, 71', demodulator 72, 72', and 
a decoder 73, 73'. The processing means 8, 8' performs 
the tracing operation on bit level although the bit stream 
processed by the processing means 8, 8' may vary. 
[0033] With reference to Fig. 2 further details of the 
first embodiment will be described. Fig. 2 shows a 
ground station 1 comprising a multiplexer/encoder 2, a 
QPSK modulator 3, an upconverter 4 and a satellite an- 
tenna 5 Digital pay load signals 6-1 to 6-n are elemen- 
tary datrt streams and are fed to a multiplexer/encoder 
2 when converts the plurality of digital payload signals 
irvo h snqc diqivil transport stream, for example ac- 
cofdriq ic the MPEG-2 and DVB standards as de- 
scribed .ibovc with reference to Fig. 1. The digital trans- 
port str C .,rr (i rodulrtted by the QPSK modulator 3 and 
tcj to the upoHcrtcr 4 which represents in Fig. 2 the 
equipment necessary to convert the output of the QPSK 
modulHtor 3 mio h signal that can be fed to the satellite 
nnlcnnrt 5 lor transmission to the satellite. Typically, 
such uquip riwit Lumpcises frequency converters, high 
power ampliticrs etc 

[0034] The output signal of the QPSK modulator 3, i. 
e the modjl<i:cd digital transport stream is also fed to 
a first rccc:ving/cccodmg arrangement 7 comprising a 
first tuner 71 a drst QPSK demodulator 72 and a first 
decoder 73 The output signal of the first receiving/de- 
coding arrangement 7 is a digital transport stream which 
can be processed on bit level The digital output signal 
of the first receiving/decoding arrangement 7 is fed to a 
first processor 8 which analyses the digital output signal 
of said first receiving/decoding arrangement 7 to trace 
a predetermined bit sequence or group of bit sequences 
in the digital output signal of the first receiving/decoding 
arrangement 7 

[0035] If the processor 8 traces the predetermined bit 
sequence or group of bit sequences in the digital output 
signal O of the first receiving/decoding arrangement 7 it 
sends a start signal START to a time measurement cir- 
cuit 9. Upon receipt of the start signal START the time 
measurement circuit 9 commences to measure the time 
until it receives a stop signal STOP. 
[0036] The stop signal STOP is generated by a sec- 
ond processor 8' receiving a digital output signal O from 
a second receiving/decoding arrangement 7' which 
comprises a second tuner 71 ', a second QPSK demod- 
ulator 72' and a second decoder 73'. The first and sec- 
ond receiving/decoding arrangements 7 and 7' are iden- 
tical regarding their structure and components. The in- 
put signal to the second reeiving/decoding arrangement 
7' is supplied from a downconverter 10 which receives 
a signal from the satellite antenna 5 and which compris- 
es all the equipment necessary to convert the received 
signal from the satellite antenna 5 into a signal corre- 
sponding to the output signal of the QPSK modulator 3. 
However, as the signal has travelled from the satellite 
antenna 5 to the satellite and back, the received signal 
is delayed. Apart from the delay the digital output signal 



O of the second decoding arrangement 7' is identical to 
the digital output signal of the first decoding arrange- 
ment 7 if receiving/decoding arrangements 7, 7' having 
identical structure and components are provided. 

5 [0037] For generating the stop signal STOP the sec- 
ond processor 8' traces the predetermined bit sequence 
or group of bit sequences in the digital output signal O' 
of the second receiving/decoding arrangement 7'. Upon 
detection of the predetermined bit sequence or group of 

10 bit sequences the second processor 8' sends the stop 
signal STOP to the time measurement circuit 9 which 
stops the time measurement. The measured time cor- 
responds to the distance between the ground station 5 
and the satellite. 

15 [0038] As two identical receiving/decoding arrange- 
ments 7 and 7" are provided the measured time corre- 
sponds to the delay between the transmitted signal and 
the received signal introduced by the signal travel path 
from the satellite antenna to the satellite and back. 

20 Therefore, the distance between the ground station and 
the satellite can be determined on the basis of the meas- 
ured time. Delays introduced by the components of the 
receiving/decoding arrangements can be neglected as 
the same delay is introduced by the first and by the sec- 

25 ond receiving/decoding arrangement. The influence of 
the upconverter 4 and of the downconverter 10 can be 
taken into account as the delay introduced thereby can 
easily measured with other measurement equipment, i. 
e. is known. 

30 [0039] In this first embodiment the uplink path and the 
downlink path are provided at a single ground station so 
that the signal is transmitted and received at the same 
location. Therefore, there is no need for time synchro- 
nization with respect to distance measurements. When, 

35 however, two or more ground stations are used to de- 
termine the position of a satellite on the basis of individ- 
ually measured distances it is necessary to synchronize 
the clocks at the ground stations in order to ensure that 
the measurements are performed at almost the same 

to time or that the moment of the individual measurement 
is known (time stamp information). Otherwise the satel- 
lite may have substantially changed its position when 
the time intervals between the individual measurements 
are too large. However, in view of the maximum satellite 

45 velocityof approx. 2 m/s the accuracy needed is not very 
high. As described further below, the satellite velocity 
can also be determined and can be taken into account. 
[0040] A sufficient synchronization is possible when 
clock circuits on the basis of the Global Positioning Sys- 

so tern GPS are used. But also other clock circuits provid- 
ing a similar synchronization may be employed. In Fig. 
2 a clock circuit 11 is shown which supplies time stamp 
information to the time measurement circuit 9. The time 
stamp contains information regarding the time of the 

55 measurement so that a plurality of measurements at the 
same or at different locations can be take into consider- 
ation in combination. 

[0041] With reference to Fig. 3 details of the second 
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embodiment of a ranging system according to the inven- 
tion will be described. Fig. 3 shows an first ground sta- 
tion 1 which in many aspects is identical to the ground 
station of the first embodiment. Therefore, the same ref- 
erence signs will be used in the following. The first 
ground station 1 comprises a multiplexer/encoder 2, a 
QPSK modulator 3, an upconverter 4 and a first satellite 
antenna 5. Digital payload signals 6-1 to 6-n are ele- 
mentary data streams and are fed to the multiplexer/en- 
coder 2 which converts the plurality of digital payload 
signals into a single digital transport stream, for example 
according to the MPEG-2 and DVB standards as de- 
scribed above with reference to Fig. 1 . The digital trans- 
port stream is modulated by QPSK modulator 3 and fed 
to upconverter 4 which represents in Fig. 3 the equip- 
ment necessary to convert the output of the QPSK mod- 
ulator 3 into a signal that can be fed to satellite antenna 
5 for transmission to the satellite. Typically, such equip- 
ment comprises frequency converters, high power am- 
plifiers etc. 

[0042] The output signal of the QPSK modulator 3, i. 
e. the modulated digital transport stream is also fed to 
a first receiving/decoding arrangement 7 comprising a 
first tuner 71, a first QPSK demodulator 72 and a first 
decoder 73. The output signal O of the receiving/decod- 
ing arrangement 7 is a digital transport stream which can 
be processed on bit level. The digital output signal of the 
first decoding arrangement 7 is fed to a first processor 
8 which analyses the digital output signal O of said first 
receiving/decoding arrangement 7 to trace a predeter- 
mined bit sequence or group of bit sequences in the dig- 
ital output signal of the first receiving/decoding arrange- 
ment 7. 

[0043] If the first processor 8 traces the predeter- 
mined bit sequence or group of bit sequences in the dig- 
ital output signal of the first receiving/decoding arrange- 
ment 7, it sends a first trigger signal EMISSION to a time 
measurement circuit 9. Upon receipt of the first trigger 
signal EMISSION the time measurement circuit 9 regis- 
ters the time stamp information (the emission time) sup- 
plied by a first clock circuit 11 at this instant. 
[0044] Furthermore, Fig. 3 shows an second ground 
station 1 2 comprising a second satellite antenna 1 3 and 
a downconverter 10' which receives a signal from the 
second satellite antenna 1 3 and which comprises all the 
equipment necessary to convert the received signal 
from the satellite antenna 1 3 into a signal corresponding 
to the output signal of the QPSK modulator 3. However, 
as the signal has travelled from the first satellite antenna 
- 5 via ihe satellite to the second satellite antenna 1 3 : the 
received signal is delayed. 

[0045] The output signal of the downconverter 10' is 
supplied to a second receiving/decoding arrangement 
7' which comprises a second tuner 71 ', a second QPSK 
demodulator 72' and a second decoder 73'. The first and 
second receiving/decoding arrangements 7 and 7' are 
identical regarding their structure and components, i.e. 
regarding their influences upon the processed signal. 



The output signal O' of the second receiving/decoding 
arrangement 7' is a digital signal and, apart from the de- 
lay, is identical to the digital output signal O of the first 
decoding arrangement 7. 

s [0046] The second processor 8' receives the digital 
output signal O' of the second receiving/decoding ar- 
rangement 7' and traces the predetermined bit se- 
quence or group of bit sequences. Upon detection of the 
predetermined bit sequence or group of bit sequences 

10 the second processor 8' sends a second trigger signal 
RECEPTION to a time measurement circuit 9" which 
registers the time stamp information supplied (the re- 
ception time) by a second clock circuit 11 ' at this instant. 
[0047] In the second embodiment, the second time 

15 measurement circuit 9' transmits the time stamp infor- 
mation (the reception time) to the first time measure- 
ment circuit 9 which calculates the signal delay on the 
basis of the time stamp information received from the 
second time measurement circuit 9" and the time stamp 

20 information (the emission time) previously registered by 
the first time measurement circuit 9. 
[0048] As two identical receiving/decoding arrange- 
ments 7 and 7' are provided the difference between the 
time stamps corresponds to the delay between the 

25 transmitted signal and the received signal introduced by 
the signal travel path from the first satellite antenna 5 
via the satellite to the second satellite antenna 1 3. De- 
lays introduced by the components of the receiving/de- 
coding arrangements can be neglected as the same de- 

30 lay is introduced by thefirst and by the second receiving/ 
decoding arrangement. The influence of the upconvert- 
er 4 and of the downconverter 10' can be taken into ac- 
count as the delay introduced thereby can easily meas- 
ured with other measurement equipment, i.e. is known. 

35 [0049] In this embodiment the uplink path and the 
downlink path are provided between the satellite and 
two separate ground stations so that the signal is trans- 
mitted and received at different locations. Therefore, it 
is necessary to synchronize the clock circuits 11 and 11'. 

40 Only if clock circuits 11 and 11" synchronized with high 
precision are used at thefirst and second ground station 
1 and 12 the delay can be determined on the basis of 
the time stamp information. 

[0050] The above described ranging systems carry 
45 out a ranging method comprising the following basic 
steps. In a first step a modulated digital signal, which is 
based on a digital transport stream, for example accord- 
ing to the MPEG-2 and/or DVB standards, is received 
and decoded to obtain a first received digital signal. In 
so a second step a predetermined bit sequence or group 
of bit sequences is traced in the first received digital sig- 
nal and a first trigger signal is generated upon detection 
of the predetermined bit sequence or group of bit se- 
quences. In a third step, which may at least partially be 
55 carried out in parallel to the first step, a delayed modu- 
lated digital signal, which is based on a digital transport 
stream, for example according to the MPEG-2 and/or 
DVB standards, and which is delayed due to travelling 
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along a transmission path, is received and decoded to 
obtain a second received digital signal. In a fourth step 
a predetermined bit sequence or group of bit sequences 
is traced in the second received digital signal and a sec- 
ond trigger signal is generated upon detection of the pre- 
determined bit sequence or group of bit sequences. In 
a fifth step the delay is determined on the basis of the 
first and second trigger signal. The trigger signals are 
used to start and stop a timer, respectively, in order to 
measure the time delay. 

[0051] In a further step time stamp information is ob- 
tained from a su itable clock and processed together with 
the delay. Thereby, delays determined at different loca- 
tions can be combined and evaluated relative to each 
other as the time stamp allows to use delay values 
measured at the same time. Synchronised clock circuits 
are necessary in this respect. 
[0052] The ranging method according to the invention 
can be carried out at different locations of which one 
may be an uplink site of a satellite broadcasting system 
and another one may be reception site of said broad- 
casting system. Then, first time stamp information is ob- 
tained upon detection of the predetermined bit se- 
quence or group of bit sequences in the first received 
digital signal, second time stamp information is obtained 
upon detection of the predetermined bit sequence or 
group of bit sequences in the second received digital 
signal and the delay is determined on the basis of the 
first and second trigger signals as well as the first and 
second time stamp information. It is essential to precise- 
ly synchronise the clock circuits providing the time 
stamp information. 

[0053] According to a third and fourth preferred em- 
bodiment of the invention a predetermined signal pat- 
tern in the modulated transport stream, which is a ana- 
logue signal, is used to generate trigger signals on the 
basis of which the delay introduced into the transport 
stream by the travel path from a satellite ground station 
to the satellite and back to the same or another satellite 
ground station is determined allowing a calculation of 
the distance between the ground station(s) and the sat- 
ellite. According to a first aspect, the predetermined sig- 
nal pattern is caused by a bit sequence or group of bit 
sequences inserted into the transport stream TS at the 
uplink site, for example as a specific payload P. Accord- 
ing to second aspect, the predetermined signal pattern 
is obtained merely by sampling the modulated digital 
transport stream, i.e. the analogue signal. Thereby, the 
insertion of additional packets into the transport stream 
can be avoided. 

[0054] According to the principles of the third and 
fourth preferred embodiment of the invention, receiving 
arrangements 7, 7', basically consisting of a tuner as 
shown in Fig. 4 and 5, receive a modulated digital trans- 
port stream signal suitable for being transmitted to a sat- 
ellite and output a first and a second output signal. 
These signals are input into processing means 8, 8' 
which sample the output signals to obtain and store a 



series of sampled values. Further, the processors are 
arranged to trace a predetermined signal pattern in the 
series of samples of the first and said second output sig- 
nals and to determine the delay between the first and 

s second digital output signals on the basis of said tracing 
operation, which may also be understood as a correlat- 
ing or matching process. The processing means 8, 8' 
performs the tracing operation on bit level as series of 
sampled values have been obtained and preferably 

io stored. 

[0055] With reference to Fig. 4 further details of the 
third embodiment will be described. Fig. 4 shows an first 
ground station 1 which correponds in some aspects to 
the ground station of the first and second embodiments. 

is Therefore, the same reference signs will be used in the 
following. As shown in Fig. 4 a ground station 1 com- 
prises a multiplexer/encoder 2, a QPSK modulator 3, an 
upconverter 4 and a satellite antenna 5. Digital payload 
signals 6-1 to 6-n are elementary data streams and are 

20 fed to a multiplexer/encoder 2 which converts the plu- 
rality of digital payload signals into a single digital trans- 
port stream, for example according to the MPEG-2 and 
DVB standards as described above with reference to 
Fig. 1 . The digital transport stream is modulated by the 

25 QPSK modulator 3 and fed to the upconverter 4 which 
represents in Fig. 4 the equipment necessary to convert 
the output of the QPSK modulator 3 into a signal that 
can be fed to the satellite antenna 5 for transmission to 
the satellite. Typically, such equipment comprises fre- 

30 quency converters, high power amplifiers etc. 

[0056] The output signal of the QPSK modulator 3, i. 
e. the modulated digital transport stream is also fed to 
a first receiving arrangement 7 which consists of a first 
tuner 700. The output signal of the first tuner 700 (re- 

35 cefving arrangement 7) is an analogue signal which can 
be processed and which corresponds to the digital 
transport stream. The output signal of the first tuner 700 
is fed to a first processor 8 which samples the analogue 
signal to obtain and store a series of digital values rep- 

40 resenting the output signal of the tuner 700. 

[0057] If the ranging operation is based on a signal 
pattern caused by a predetermined bit sequence or 
group of bit sequences the sampling and storing oper- 
ation of processor 8 is carried out in an appropriate time 

45 relationship with the time of insertion or occurrence of 
the predetermined bit sequence or group of bit sequenc- 
es into the digital transport stream. For example, the 
sampling operation should be started prior to the inser- 
tion or occurrence of the predetermined bit sequence or 

50 group of bit sequences but not to early in order to avoid 
an unnecessarily high number of samples. Thereby, the 
hardware requirements can be kept within a reasonable 
range. The sampling operation should not start delayed 
with respect to the expected signal pattern since in this 

55 case the analysis, which will be described further below, 
may be difficult if not impossible. 
[0058] The processor 8 analyses the series of sam- 
ples of the output signal of said first tuner and compares 
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it with a series of values determined on the basis of the 
predetermined bit sequence or group of bit sequences 
and the processing which takes place in the multiplexer/ 
encoder 2 and the QPSK modulator 3. Thereby, the 
processor 8 indirectly traces the predetermined bit se- 
quence or group of bit sequences in the output signal of 
the first tuner 700. In other words, the processor traces 
a predetermined signal pattern in the tuner output sig- 
nal. 

[0059] If the predetermined signal pattern is traced, 
the first processor 8 sends a start signal START to a 
time measurement circuit 9. Upon receipt of the start sig- 
nal START the time measurement circuit 9 begins to 
measure the time until it receives a stop signal STOP. 
[0060] The stop signal STOP is generated by a sec- 
ond processor 8' receiving an output signal from a sec- 
ond receiving arrangement 7' which consists of a sec- 
ond tuner 700'. The first and second tuner 700 and 700' 
are identical regarding their structure and components. 
The input signal to the second tuner 700' is supplied 
from a downconverter 10 which receives a signal from 
the satellite antenna 5 and which comprises all the 
equipment necessary to convert the received signal 
from the satellite antenna 5 into a signal corresponding 
to the output signal of the QPSK modulator 3. However, 
as the signal has travelled from the satellite antenna 5 
to the satellite and back, the received signal is delayed. 
Apart from the delay the output signal of the second tun- 
er 700' is, for the purposes of the invention, identical to 
the output signal of the first tuner 700. 
[0061] For generating the stop signal STOP the sec- 
ond processor8' traces the predetermined bit sequence 
or group of bit sequences, i.e. the predetermined signal 
pattern, in the output signal of the second tuner 700' in 
the same manner as the first processor 8. Upon detec- 
tion of the predetermined bit sequence or group of bit 
sequences the second processor 8' sends the stop sig- 
nal STOP to the time measu rement circuit 9 which stops 
the time measurement. The measured time corre- 
sponds to the distance between the ground station 5 and 
the satellite. 

[0062] As two identical receiving arrangements 7 and 
7', i.e. the first and second tuner 700 and 700', are pro- 
vided the measured time corresponds to the delay be- 
tween the transmitted signal and the received signal in- 
troduced by the signal travel path from the satellite an- 
tenna to the satellite and back. Therefore, the distance 
between the ground station and the satellite can be de- 
termined on the basis of the measured time. Delays in- 
troduced by the components of the tuners can be ne- 
glected as the same delay is introduced by the first and 
by the second tuner. The influence of the upconverter 4 
and of the downconverter 1 0 can be take into account 
as the delay introduced thereby can easily measured 
with other measurement equipment, i.e. is known. 
[0063] As described above, the processors 8 and 8' 
are arranged to determine a signal pattern in the tuner 
output signal based on a predetermined bit sequence 



or group of bit sequences and the known processing in 
the multiplexer/encoder 2 and the QPSK modulator 3. 
Alternatively, the first processor 8 may be set up to start 
the sampling/storing operation at any time to obtain a 

5 series of stored values corresponding to the first tuner 
output signal during the sampling/storing operation. 
Similarly, the second processor 8' may be set up to start 
the sampling/storing operation at a corresponding time 
to obtain a series of stored values corresponding to the 

w second tuner output signal during the sampling/storing 
operation. The stored sample value series are com- 
pared to trace a match or correlation which is indicative 
of the time delay introduced into the signal by the 
traveling to the satellite and back. It should be noted that 

is the storage requirements in the second processor 8' 
may be reduced if the sampling/storing operation is 
started only after a time which is almost equal but less 
than the expected delay of the signal. This alternative 
of the third embodiment also allows to combine the first 

20 and second processor into a single processing means 
avoiding the need for a time measurement circuit 9 since 
the delay can be determined on the basis of the sam- 
pling frequency used in the sampling operation. 
[0064] In this embodiment the uplink path and the 

25 downlink path are provided at a single ground station so 
that the signal is transmitted and received at the same 
location. Therefore, there is no need for time synchro- 
nization with respect to distance measurements. When, 
however, two or more ground stations are used to de- 

30 termine the position of a satellite on the basis of individ- 
ually measured distances it is necessary to synchronize 
the clocks at the ground stations in order to ensure that 
the measurements are performed at almost the same 
time or that the moment of the individual measurement 

35 js known (time stamp information). Otherwise the satel- 
lite may have substantially changed its position when 
the time intervals between the individual measurements 
are to large. However, in view of the maximum satellite 
velocity of approx. 2 m/s the accuracy needed is not to 

40 high. As described further below, the satellite velocity 
can also be determined and can be taken into account. 
[0065] As mentioned before, a sufficient synchroniza- 
tion is possible when clock circuits on the basis of the 
Global Positioning System GPS are used. But also other 

45 clock circuits providing a similar synchronization may be 
employed. In Fig. 4 a clock circuit 11 is shown which 
supplies time stamp information to the time measure- 
ment circuit 9. The time stamp contains information re- 
garding the time of the measurement so that a plurality 

50 of measurements at the same or at different locations 
can betake into consideration in combination. 
[0066] With reference to Fig. 5 a fourth embodiment 
of a ranging system according to the invention will be 
described. Fig. 5 shows an first ground station 1 which 

55 in many aspects is identical to the ground station of the 
third embodiment. Therefore, the same reference signs 
will be used in the following. The first ground station 1 
comprises a multiplexer/encoder 2, a QPSK modulator 
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3, an upconverter 4 and a first satellite antenna 5. Digital 
payload signals 6-1 to 6-n are elementary data streams 
and are fed to the multiplexer/encoder 2 which converts 
the plurality of digital payload signals into a single digital 
transport stream, for example according to the MPEG- 
2 and DVB standards as described above with reference 
to Fig. 1. The digital transport stream is modulated by 
QPSK modulator 3 and fed to upconverter 4 which rep- 
resents in Fig. 5 the equipment necessary to convert the 
output of the QPSK modulator 3 into a signal that can 
be fed to satellite antenna 5 for transmission to the sat- 
ellite. Typically, such equipment comprises frequency 
converters, high power amplifiers etc. 
[0067] The output signal of the QPSK modulator 3, i. 
e. the modulated digital transport stream is also fed to 
a first receiving arrangement 7 which consists of a first 
tuner 700. The output signal of the first tuner 700 (re- 
ceiving arrangement 7) is an analogue signal which can 
be processed and which corresponds to the digital 
transport stream. The output signal of the first tuner 700 
is fed to a first processor 8 which samples the analogue 
signal to obtain and store a series of digital values rep- 
resenting the output signal of the tuner 700. 
[0068] If the ranging operation is based on a signal 
pattern caused by a predetermined bit sequence or 
group of bit sequences the sampling and storing oper- 
ation of processor 8 is carried out in an appropriate time 
relationship with the time of insertion or occurrence of 
the predetermined bit sequence or group of bit sequenc- 
es into the digital transport stream as mentioned above 
with respect to the third embodiment. 
[0069] The processor 8 analyses the series of sam- 
ples of the output signal of said first tuner and compares 
it with a series of values determined on the basis of the 
predetermined bit sequence or group of bit sequences 
and the way the signals are processed by the multiplex- 
er/encoder 2 and the QPSK modulator 3. Thereby, the 
processor 8 indirectly traces the predetermined bit se- 
quence or group of bit sequences in the output signal of 
the first tuner 700. In other words, the processor traces 
a predetermined signal pattern in the tuner output sig- 
nal. 

[0070] If the processor 8 traces the predetermined bit 
sequence or group of bit sequences in the tuner output 
signal it sends a first trigger signal EMISSION to a time 
measurement circuit 9. Upon receipt of the first trigger 
signal EMISSION the time measurement circuit 9 regis- 
ters the time stamp information (the emission time) sup- 
plied by a first clock circuit 11 at this instant. 
[0071] Furthermore, Fig. 5 shows an second ground 
station 12 comprising a second satellite antenna 1 3 and 
a downconverter 10' which receives a signal from the 
second satellite antenna 1 3 and which comprises all the 
equipment necessary to convert the received signal 
from the satellite antenna 1 3 into a signal corresponding 
to the output signal of the QPSK modulator 3. However, 
as the signal has travelled from the first satellite antenna 
5 via the satellite to the second satellite antenna 1 3, the 



received signal is delayed. 

[0072] The output signal of the downconverter 10' is 
supplied to a second receiving arrangement 7' which 
consists of a second tuner 700'. The first and second 

s tuners 700 and 700' are identical regarding their struc- 
ture and components, i.e. regarding their influences up- 
on the processed signal. The output signal of the second 
tuner 700' is an analogue signal and, apart from the de- 
lay, corresponds to the output signal of the first tuner 

10 700. 

[0073] The second processor 8' receives the output 
signal of the second tuner 700' and traces the predeter- 
mined bit sequence or group of bit sequences, i.e. the 
corresponding signal pattern. Upon detection of the pre- 

15 determined bit sequence or group of bit sequences the 
second processor 8' sends a second trigger signal RE- 
CEPTION to a time measurement circuit 9' which regis- 
ters the time stamp information supplied (the reception 
time) by a second clock circuit 11 ' at this instant. 

20 [0074] In the fourth embodiment, the second time 
measurement circuit 9' transmits the time stamp infor- 
mation (the reception time) to the first time measure- 
ment circuit 9 which calculates the signal delay on the 
basis of the time stamp information received from the 

25 second time measurement circuit 9' and the time stamp 
information (the emission time) previously registered by 
the first time measurement circuit 9. 
[0075] As two identical tuners are provided the differ- 
ence between the time stamps corresponds to the delay 

30 between the transmitted signal and the received signal 
introduced by the signal travel path from the first satellite 
antenna 5 via the satellite to the second satellite anten- 
na 1 3. Delays introduced by the components of the tun- 
. ers can be neglected as the same delay is introduced 

35 by the first and by the second tuner. The influence of the 
upconverter 4 and of the downconverter 1 0' can also be 
neglected as the delay introduced thereby is minimal. 
[0076] In this embodiment the uplink path and the 
downlink path are provided between the satellite and 

40 two separate ground stations so that the signal is trans- 
mitted and received at different locations. Therefore, it 
is necessary to synchronize the clock circuits 11 and 1 1 '. 
Only if clock circuits 11 and 11' synchronized with high 
precision are used at the first and second ground station 

45 1 and 12 the delay can be determined on the basis of 
the time stamp information. 

[0077] The above described ranging systems of the 
third an fourth embodiment of the invention carry out a 
ranging method comprising the following basic steps. In 

so afirst step a modulated digital signal, which is based on 
a digital transport stream, for example according to the 
MPEG-2 and/or DVB standards, is received and sam- 
pled to obtain a first series of sampled values of the mod- 
ulated digital signal. In a second step a signal pattern 

ss corresponding to a predetermined bit sequence or 
group of bit sequences is traced in the first series of sam- 
pled values and a first trigger signal is generated upon 
detection of the signal pattern. In a third step, which may 
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at least partially be carried out in parallel to the first step, 
a delayed modulated digital signal, which is based on a 
digital transport stream, for example according to the 
MPEG-2 and/or DVB standards, and which is delayed 
due to travelling along a transmission path, is received 
and sampled to obtain a second series of sampled val- 
ues of the received modulated digital signal. In a fourth 
step a signal pattern corresponding to the predeter- 
mined bit sequence or group of bit sequences is traced 
in the second series of sampled values and a second 
trigger signal is generated upon detection of the signal 
pattern. In a fifth step the delay is determined on the 
basis of the first and second trigger signal. The trigger 
signals are used to start and stop a timer, respectively, 
in order to measure the time delay. 
[0078] In a further step time stamp information is ob- 
tainedfrom a suitable clock and processed together with 
the delay. Thereby, if required, delays determined at dif- 
ferent locations can be combined and evaluated relative 
to each other as the time stamp allows to use delay val- 
ues measured at the same time. Synchronised clock cir- 
cuits are necessary in this respect. 
[0079] The ranging method according to the invention 
can be carried out at different locations of which one 
may be an uplink site of a satellite broadcasting system 
and another one may be reception site of said broad- 
casting system. Then, first time stamp information is ob- 
tained upon detection of the signal pattern in the first 
tuner output signal, second time stamp information is 
obtained upon detection of the signal pattern in the sec- 
ond tuner output signal and the delay is determined on 
the basis of the first and second trigger signals as well 
as the first and second time stamp information. It is es- 
sential to precisely synchronise the clock circuits pro- 
viding the time stamp information. 
[0080] The invention may also be carried out by pro- 
viding receiving means which comprise of a tuner and 
a demodulator. The output signal of such receiving 
means, i.e. the output signal(s) of the demodulator, for 
example the I and Q signals of a QPSK demodulator, is 
then fed to processing means which are adapted to 
trace a signal pattern in the demodulated signal. There- 
fore the above description of two basic alternative em- 
bodiments can be understood by those skilled in the art 
to describe also details of a ranging system having re- 
ceiving means comprising a tuner and a demodulator. 
[0081] Further, those skilled in the art will appreciate 
that it is advantageous to have available also informa- 
tion concerning velocity of a satellite in order to perform 
ranging measurements and/or position control of satel- 
lite. Therefore, a system and method for measuring the 
relative velocity of a satellite will be described which may 
be used separately but which is especially suitable for 
being used in combination with anyone of the systems 
and methods described above. 
[0082] With reference to Fig. 6 a ranging system ac- 
cording to this aspect of the invention which is capable 
of measuring the relative velocity between a ground sta- 



tion and a satellite on the basis of a digitally modulated 
signal will be described in the following. A reference sta- 
tion 100 comprises a reference timing means 101, for 
example a clock, which drives a digital counting means 

5 102. In predetermined, preferably regular time intervals 
a reading/inserting means 103 reads the momentary 
value CNT of the digital counting means 102 and inserts 
the value into a digital data stream DS. The digital data 
stream DS including the counter value CNT is transmit- 

10 ted to a satellite 104 by transmitting means 1 05 of the 
reference station 100. The satellite 104 retransmits the 
digital data stream DS including the counter value CNT 
to be received by either the reference station 1 00 or any 
other receiving station 1 06 both of which being provided 

is with respective receiving means 107, 107'. 

[0083] In the reference station 1 00 and/or the receiv- 
ing station 106 an extracting means 108, 108' is provid- 
ed which extracts the counter value CNT from the re- 
ceived signal, i.e. separates the counter values CNT 

20 from the digital data stream DS. The extracted (sepa- 
rated) counter value CNT is used to control a replica 
counting means 1 09 in the reference station 1 00 and/or 
a replica counting means 109' in the receiving station 
106. An additional timing means, for example a clock, 

25 (not shown in Fig.6) may be used for supplying a driving 
signal to the replica counter means 1 09, 1 09' such that 
the extracted (separated) counter value CNT is suffi- 
cient for controlling the replica counter means 109, 109' 
at the times when the counter value CNT is extracted 

30 (separated) from the received signal, i.e. digital data 
stream DS. In the case of the ground station 100 the 
reference timing means 101 may be used instead of an 
additional timing means. This approach is advanta- 
geous as no further clock synchronisation is required 

35 since a single clock is used. In the case of the receiving 
station 1 06 additional timing means should be provided. 
[0084] The frequency of the replica counting means 
109, 109' differs from the frequency of the digital count- 
ing means 102 in the reference station due to the Dop- 

40 pier shift caused by the satellite motion relative to the 
reference station 100 and the receiving station 106, re- 
spectively. The frequency deviation can be determined 
at the reference station 100 and/or the receiving station 
106 and the velocity of the satellite can be calculated. 

45 [0085] With respect to the receiving station 106 it 
should be noted that it requires precise frequency syn- 
chronisation with the reference station 1 00, either direct- 
ly (counting means 102) or via a common frequency 
standard, in order to determine the velocity of the space- 

50 craft with the desired precision. Alternatively, a refer- 
ence timing means may be provided also at the receiv- 
ing station 106, which timing means drives a digital 
counting means also provided at the receiving station. 
Then, the timing means at the ground station 1 00 and 

55 at the receiving station 106 need to synchronised. The 
means and methods for synchronising clocks at remote 
locations described above can be used also in the case 
of determining the relative velocity of a spacecraft. 
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Therefore reference is made to the above description 
and an additional description is omitted. 
[0086] In a MPEG/DVB system the clock of the refer- 
ence station provides a stable 27 MHz reference fre- 
quency clock with low phase noise. The clock values 
are converted and distributed according to the MPEG 
standard time stamp mechanism (PCR). Based on the 
received time stamps either the reference station 100 
or the receiving station 106 can reconstruct the 27 MHz 
clock influenced by the motion of the satellite. 
[0087] Typical Doppler shift for geostationery satel- 
lites are in the range of 0.1 to 0.5 Hz. 



Claims 

1. Ranging system for determining ranging informa- 
tion of a receiverAransmitter in a communication 
channel, especially of a satellite comprising 

a first receiving arrangement (7) for receiving a 
transport stream signal suitable for being trans- 
mitted to said satellite and for generating a first 
output signal; 

a second receiving arrangement (7') for receiv- 
ing a transport stream signal transmitted from 
said satellite and for generating a second out- 
put signal; and 

processing means (8, 8') for receiving said first 
and second output signals of said first and sec- 
ond receiving arrangements (7, 7"), for tracing 
a predetermined signal pattern in said first and 
said second output signal and for determining 
the delay between the first and second output 
signals on the basis of said tracing of the signal 
pattern. 

2. Ranging system according claim 1 , wherein said 
first receiving arrangement (7) comprises a first tun- 
er (71 ) : a first demodulator (72) and a first decoder 
(73), said first output signal generated by said first 
receiving arrangement (7) being a decoded digital 
signal, and wherein said second receiving arrange- 
ment (7') comprises a second tuner (71'), a second 
demodulator (72') and a second decoder (73'), said 
second output signal generated by said second re- 
ceiving arrangement (7') being a decoded digital 
signal. 

3. Ranging system according to claim 2, wherein said 
processing means comprise a first processor (8) for 
receiving said first decoded digital output signal and 
for outputting a first trigger signal (START, EMIS- 
SION) and a second processor (8') for receiving 
said second decoded digital output signal and for 
outputting a second trigger signal (STOP, RECEP- 
TION). 



4. Ranging system according to claim 3 wherein said 
processing means further comprise a time meas- 
urement circuit (9) for receiving said first trigger sig- 
nal (START) and said second trigger signal (STOP) 

5 from said first and second processors (8, 8') and for 
measuring the time between said first and said sec- 
ond trigger signal (START, STOP). 

5. Ranging system according to claims 3 or 4 wherein 
10 said processing means further comprise a clock cir- 
cuit (11) for providing time information to said first 
and second processors (8, 8') and/or to said time 
measurement circuit (9). 

is 6. Ranging system according to anyone of claims 2 to 
5 wherein said first and second receiving arrange- 
ments (7, 7") are connected to a satellite antenna 
(5) for transmitting a signal to said satellite and for 
receiving a signal from said satellite. 

20 

7. Ranging system according to claim 6, wherein said 
first and second receiving arrangements (7, 7'), said 
first and second processors (8, 8'), said time meas- 
urement circuit (9) and said clock circuit (11) are 

2S provided at a ground station (1 ) further comprising 
a multiplexer/encoder (2) receiving a plurality of dig- 
ital payload signals (6-1 ... 6-n) and generating a 
digital transport stream signal (DVB), a modulator 
for modulating said digital transport stream signal 

30 (DVB), such modulated digital transport stream sig- 
nal being supplied to said first decoding arrange- 
ment (7), an upconverter (4) for converting said dig- 
ital transport stream signal (DVB) into a signal suit- 
able for being supplied to said satellite antenna (5) 

35 and a downconverter (1 0) for receiving asignal from 
said satellite antenna (5) and for supplying a mod- 
ulated digital transport stream signal to said second 
decoding arrangement (7 1 ). 

40 8. Ranging system according to claim 3, wherein said 
processing means further comprise a first time 
measurement circuit (9) for receiving said first trig- 
ger signal (EMISSION) from said first processor (8) 
and time information from a first clock circuit (11) 

45 and a second time measurement circuit (9') for re- 
ceiving said second trigger signal (RECEPTION) 
from said second processor (8') and time informa- 
tion from a second clock circuit (11"), wherein said 
second time measurement circuit (9") transmits the 

so received time information to said first time measure- 
ment circuit (9) for measuring the time between said 
first and said second triggersignal (EMISSION, RE- 
CEPTION). 

55 9. Ranging system according to claim 8, wherein said 
first receiving arrangement (7) is connected to a first 
satellite antenna (5) for transmitting a signal to said 
satellite and wherein said second receiving ar- 
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rangement (7 1 ) is connected to a second satellite 
antenna (1 3) for receiving a signal from said satel- 
lite. 

10. Ranging system according to claim 9, wherein said 
first receiving arrangement (7), said first processor 
(8), said first time measurement circuit (9) and said 
first clock circuit (11 ) are provided at a first ground 
station (1 ) further comprising a multiplexer/encoder 
(2) receiving a plurality of digital payload signals 
(6-1 ... 6-n) and generating a digital transport 
stream signal (DVB), a modulator for modulating 
said digital transport stream signal (DVB), such 
modulated digital transport stream signal being 
supplied to said first decoding arrangement (7), and 
an upconverter (4) for converting said modulated 
digital transport stream signal (DVB) into a signal 
suitable for being supplied to said first satellite an- 
tenna (5). 

11. Ranging system according to claim 9 or 10, wherein 
said second receiving arrangement (7'), said sec- 
ond processor (8'), said second time measurement 
circuit (9 1 ) and said second clock circuit (11') are 
provided at a second ground station (12) further 
comprising a downconverter (10') for receiving a 
signal from said second satellite antenna (13) and 
for supplying a modulated digital transport stream 
signal to said second decoding arrangement (7'). 

12. Method for determining ranging information of a re- 
ceiver/transmitter in a communication channel, es- 
pecially of a satellite comprising the steps of: 

receiving a modulated digital signal, which is 
based on a digital transport stream, for example 
according to the MPEG-2 and/or DVB stand- 
ards, and obtaining a first received digital sig- 
nal; 

- tracing a predetermined bit sequence or group 
of bit sequences in the first received digital sig- 
nal and generating a first trigger signal upon de- 
tection of the predetermined bit sequence or 
group of bit sequences; 
receiving a delayed modulated digital signal, 
which is based on said digital transport stream 
and which is delayed due to travelling along a 
transmission path, and obtaining a second re- 
ceived digital signal; 

tracing a predetermined bit sequence or group 
of bit sequences in the second received digital 
signal and to generate a second trigger signal 
upon detection of the predetermined bit se- 
quence or group of bit sequences; and 
determining the delay on the basis of the first 
and second trigger signals. 

13. Method according to claim 12, further comprising 



the steps of starting a time measurement on the ba- 
sis of the first trigger signal and stopping the time 
measurement on the basis of the second trigger sig- 
nal. 

14. Method according to claim 12 or 13, further com- 
prising the step of obtaining time stamp information 
and processing the delay together with the time 
stamp information. 

15. Method according to claim 12, further comprising 
the steps of: 

- obtaining first time stamp information upon de- 
tection of the predetermined bit sequence or 
group of bit sequences in the first received dig- 
ital signal; 

- obtaining second time stamp information upon 
detection of the predetermined bit sequence or 
group of bit sequences in the second received 
digital signal; and 

determining the delay on the basis of the first 
and second trigger signals and the first and sec- 
ond time stamp information. 

16. Method according to anyone of claims 12 to 15, fur- 
ther comprising the step of synchronising clock cir- 
cuits providing the time stamp information. 

30 17. Method according to anyone of claims 12 to 16, 
wherein the first and second received digital signals 
are regenerated digital transport streams. 

18. Ranging system according claim 1, wherein said 
35 first receiving arrangement (7) comprises a first tun- 
er (700), said first output signal generated by said 
first tuner (700) being an analogue signal, and 
wherein said second receiving arrangement (7') 
comprises a second tuner (700'), said second out- 

40 put signal generated by said second tuner (700') be- 
ing an analogue signal. 

19. Ranging system according to claim 19, wherein 
said processing means comprise a first processor 

45 (8) for receiving said first analogue output signal, 
for sampling said first analogue output signal to ob- 
tain a first series of sampled values and for output- 
ting a first trigger signal (START, EMISSION) and a 
second processor (8') for receiving said second an- 

so alogue output signal, for sampling said second an- 
alogue output signal to obtain a second series of 
sampled values and for outputting a second trigger 
signal (STOP, RECEPTION). 

55 20. Ranging system according to claim 19 wherein said 
processing means further comprise a time meas- 
urement circuit (9) for receiving said first trigger sig- 
nal (START) and said second trigger signal (STOP) 
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from said first and second processors (8, 8') and for 
measuring the time between said first and said sec- 
ond trigger signal (START, STOP). 

21. Ranging system according to claims 19 or 20 s 
wherein said processing means further comprise a 
clock circuit (11) for providing time information to 
said first and second processors (8, 8') and/or to 
said time measurement circuit (9). 

70 

22. Ranging system according to anyone of claims 19 
or 21 wherem said first and second receiving ar- 
rangements 1 7 7") are connected to a satellite an- 
tenna (5) for transmitting a signal to said satellite 
and for receiving * signal from said satellite. is 

23. Ranging sysicm ,«; cording to claim 22, wherein 
said first and sec on j icce vinq Hrrnngements (7, 7"), 
said first anc second processors ie 6') said time 
measurement arcut 1 3, rt nc s^id clock circuit (11) 20 
are provided at h yrjund taction ( 1 ) luittioi compris- 
ing a multiplexer/orcoder (2) receiving h plurality of 
digital payload signals (6-1 6-n) and generating 

a digital transport stream signal (DVB) a modulator 
for modulating said digital transport stream signal 25 
(DVB), such modulatod digital transport stream sig- 
nal being supplied to said first decoding arrange- 
ment (7), an upconverter (4) for converting said dig- 
ital transport stream signal (DVB) into a signal suit- 
able for being supplied to said satellite antenna (5) 30 
and a downconverter (1 0) lor receiving a signal from 
said satellite antenna (5) and lor supplying a mod- 
ulated digital transport stream signal to said second 
decoding arrangement (7'). 

35 

24. Ranging system according to claim 19, wherein 
said processing means further comprise a first time 
measurement circuit (9) for receiving said first trig- 
ger signal (EMISSION) from said first processor (8) 
and time information from a first clock circuit (11) 40 
and a second time measurement circuit (9') for re- 
ceiving said second trigger signal (RECEPTION) 
from said second processor (8') and time informa- 
tion from a second clock circuit (IT), wherein said 
second time measurement circuit (9') transmits the 45 
received time information to said first time measure- 
ment circuit (9) for measuring the time between said 
first and said second Irigger signal (EMISSION, RE- 
CEPTION). 

50 

25. Ranging system according to claim 24, wherein 
said first receiving arrangement (7) is connected to 
a first satellite antenna (5) for transmitting a signal 
to said satellite and wherein said second receiving 
arrangement (7") is connected to a second satellite ss 
antenna (1 3) for receiving a signal from said satel- 
lite. 



26. Ranging system according to claim 25, wherein 
said first receiving arrangement (7), said first proc- 
essor (8), said first time measurement circuit (9) and 
said first clock circuit (11) are provided at a first 
ground station (1 ) further comprising a multiplexer/ 
encoder (2) receiving a plurality of digital payload 
signals (6-1 ... 6-n) and generating a digital trans- 
port stream signal (DVB), a modulator for modulat- 
ing said digital transport stream signal (DVB), such 
modulated digital transport stream signal being 
supplied to said first decoding arrangement (7), and 
an upconverter (4) for converting said modulated 
digital transport stream signal (DVB) into a signal 
suitable for being supplied to said first satellite an- 
tenna (5). 

27. Ranging system according to claim 25 or 26, where- 
in said second receiving arrangement (7"), said sec- 
ond processor (8'), said second time measurement 
circuit (9') and said second clock circuit (1V) are 
provided at a second ground station (12) further 
comprising a downconverter (10) for receiving a 
signal from said second satellite antenna (13) and 
for supplying a modulated digital transport stream 
signal to said second decoding arrangement (7 1 ). 

28. Method for determining ranging information of a re- 
ceiver/transmitter in a communication channel, es- 
pecially of a satellite comprising the steps of: 

receiving a modulated digital signal, which is 
based on a digital transport stream, for example 
according to the MPEG-2 and/or DVB stand- 
ards, and obtaining a first received analogue 
signal; 

sampling the first received analogue signal and 
obtaining a first series of sampled values; 
tracing in said first series of sampled values a 
signal pattern caused by a predetermined bit 
sequence or group of bit sequences in the first 
received analogue signal and generating a first 
trigger signal upon detection of the predeter- 
mined signal pattern; 

- receiving a delayed modulated digital signal, 
which is based on said digital transport stream 
and which is delayed due to travelling along a 
transmission path, and obtaining a second re- 
ceived analogue signal; 

- sampling the second received analogue signal 
and obtaining a second series of sampled val- 
ues; 

tracing in said second series of sampled values 
a signal pattern caused by a predetermined bit 
sequence or group of bit sequences in the sec- 
ond received analogue signal and to generate 
a second trigger signal upon detection of the 
predetermined signal pattern; and 
determining the delay on the basis of the first 
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and second trigger signals. said reference timing means is a clock (101). 



29. Method according to claim 28, further comprising 
the steps of starting a time measurement on the ba- 
sis of the first trigger signal and stopping the time s 
measurement on the basis of the second trigger sig- 
nal. 

30. Method according to claim 28 or 29, further com- 
prising the step of obtaining time stamp information 10 
and processing the delay together with the time 
stamp information. 

31. Method according to claim 28, further comprising 
the steps of: JS 

obtaining first time stamp information upon de- 
tection of the predetermined signal pattern in 
the first series of sampled values of the first re- 
ceived analogue signal; 20 
obtaining second time stamp information upon 
detection of the predetermined signal pattern in 
the second series of sampled values of the sec- 
ond received analogue signal; and 
determining the delay on the basis of the first 2s 
and second trigger signals and the first and sec- 
ond time stamp information. 

32. Method according to anyone of claims 28 to 31 , fur- 
ther comprising the step of synchronising clock cir- 30 
cuits providing the time stamp information. 



Ranging system according to claim 33 or 34, where- 
in additional timing means are provided for driving 
said second digital counting means (109, 109'). 

Ranging system according to any one of claims 33 
to 35, wherein said digitally modulated signal is a 
digital data stream (DS), especially according to a 
standard like MPEG/DVB. 

Method for measuring the relative velocity between 
a ground station and a satellite on the basis of a 
digitally modulated signal comprising the steps driv- 
ing a first digital counting means (102) with a refer- 
ence timing means (101), reading a momentary 
counter value (CNT) of said first digital counter 
means (1 02) generating first counter values at a first 
frequency, inserting said value into said digitally 
modulated signal (DS), transmitting said digitally 
modulated signal (DS) including the counter value 
(CNT) to a satellite (104), receiving said digitally 
modulated signal (DS) including the counter value 
(CNT) from said satellite (1 04), extracting the coun- 
ter value (CNT) from the received signal, controlling 
on the basis of said extracted counter value (CNT) 
a second digital counting means (109, 109') gener- 
ating second counter values at a second frequency, 
and determining the velocity of the satellite on the 
basis of the deviation between said first frequency 
and second frequency. 



33. Ranging system for measuring the relative velocity 
between two stations of a communication channel, 
especially between a ground station and a satellite 35 
on the basis of a digitally modulated signal compris- 
ing a reference timing means (101) for driving a first 
digital counting means (102) generating first coun- 
ter values at a first frequency, a reading/inserting 
means (1 03) for reading a momentary counter value 40 
(CNT) of the digital counting means and for insert- 
ing said value into said digitally modulated signal 
(DS), a transmitting means (105) transmitting said 
digitally modulated signal (DS) including the coun- 
ter value (CNT) to a satellite (104), 45 
a receiving means (1 07, 1 07') for receiving said dig- 
itally modulated signal (DS) including the counter 
value (CNT) from said satellite (104), an extracting 
means (1 08, 1 08') for extracting the counter value 
(CNT) from the received signal, and a second digital so 
counting means (109, 109') being controlled on the 
basis of said extracted counter value (CNT) and 
generating second counter values at a second fre- 
quency, the velocity of the satellite being deter- 
mined on the basis of the deviation between the first ss 
and second frequency. 



34. Ranging system according to claim 33, wherein 
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